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DESCRIPTION 
Voltage Conversion Device 

5 Technical Field 

The present invention relates to a voltage conversion device, and more 
particularly, to a voltage conversion device converting a voltage without appljdng an 
overvoltage to a power supply outputting a power supply voltage. 
Background Art 

10 A conventional voltage conversion device includes an up-converter and a control 

device. The control device receives an output voltage of the up-converter, a torque 
control value to be output by an alternating-current (AC) motor as a load, and a rotation 
number of the AC motor. 

The control device calculates a target voltage of the up-converter in accordance 

15 with the torque control value and the motor rotation number, and fiirther calculates an 
error between the calculated target voltage and the output voltage of the up-converter. 
The control device then adjusts PI control gain (proportional gain and integral gain) 
according to the calculated error, and uses the adjusted PI control gain to provide 
feedback control to the up-converter. 

20 Under the feedback control by the control device, the up-converter converts a 

direct-current (DC) voltage from a DC power supply into the output voltage such that 
the output voltage attains the target voltage (Japanese Patent Laying-Open No. 2003- 
309997). 

In this manner, the conventional voltage conversion device adjusts the PI control 
25 gain in accordance with the error between the target voltage and the output voltage 

converted from the DC voltage, and uses the adjusted PI control gain to convert the DC 
voltage from the DC power supply into the output voltage such that the output voltage 
attains the target voltage. 
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In the conventional voltage conversion device, however, when the output 
voltage deviates from the target voltage and a duty ratio is considerably changed to 
allow the deviated output voltage to reach the target voltage, electric power returning 
back to the power supply side is increased and an overvoltage is applied to the power 
5 supply. 

An object of the present invention is to provide a voltage conversion device 
converting a voltage without applying an overvoltage to a power supply. 
Disclosure of the Invention 

According to the present invention, the voltage conversion device includes a 
10 voltage converter and a control device. The voltage converter converts a power 

supply voltage from a power supply into an output voltage such that the output voltage 
attains a target voltage, through a switching operation between a first switching element 
as an upper arm and a second switching element as a lower arm. The control device 
provides switching control to the first and the second switching elements using a duty 
15 ratio in a range lower than an upper limit value of the duty ratio when an overvoltage is 
applied to the power supply. 

Preferably, the control device includes duty ratio calculating means and 
switching control means. The duty ratio calculating means calculates the upper limit 
value of the duty ratio in accordance with the output voltage and a threshold voltage 
20 which is a reference value for determining that the overvoltage has been applied to the 
power supply. The switching control means provides switching control to the first and 
the second switching elements using the duty ratio in the range lower than the calculated 
upper limit value of the duty ratio. 

Preferably, the output voltage is supplied to an inverter driving a motor, 
25 Preferably, the output voltage is supplied to a plurality of inverters provided 

corresponding to a plurality of motors and connected in parallel with each other. 

Preferably, the power supply voltage is obtained from a direct current battery. 

In the voltage conversion device according to the present invention, the first and 
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the second switching elements are subjected to switching control using the dutj^ ratio 

lower than the upper limit value of the duty ratio when the overvoltage is applied to the 

power supply, to convert the power supply voltage from the power supply into the 

output voltage such that the output voltage attains the target voltage. 

5 Therefore, according to the present invention, appUcation of an overvoltage to 

the power supply can be prevented. 

The foregoing and other objects, features, aspects and advantages of the present 

invention will become more apparent from the following detailed description of the 

present mvention when taken in conjunction with the accompanying drawings. 

10 Brief Description of the Drawings 

Fig. 1 is a schematic diagram of a motor driver including a voltage conversion 
« 

device in accordance with an embodiment of the present invention. 

Fig. 2 is a functional block diagram of a control device shown in Fig. 1. 
Fig. 3 is a functional block diagram of inverter control means shown in Fig. 2. 
15 Fig. 4 is a functional block diagram of converter control means shown in Fig. 2. 

Fig. 5 is a diagram showing relation between a duty ratio DR and an output 
voltage Vm of an up-converter. 

Fig. 6 is a timing chart of voltage values. 
Best Modes for Carrying Out the Invention 
20 An embodiment of the present invention will be described in detail with reference 

to the drawings, in which identical or corresponding parts will be designated by the same 
reference numerals, and the description thereof will not be repeated. 

Fig. 1 is a schematic diagram of a motor driver including a voltage conversion 
device in accordance with an embodiment of the present invention. Referring to Fig. 1, 
25 a motor driver 100 including the voltage conversion device in accordance with the 

embodiment of the present invention includes a battery B, capacitors CI and C2, voltage 
sensors 10 and 13, an up-converter 12, inverters 14 and 31, current sensors 24 and 28, 
and a control device 30. 
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Motor generators MGl and MG2 are drive motors each generatiog a torque for 
driving a drive wheel of a hybrid vehicle or an electric vehicle. Alternately, motor 
generators MGl and MG2 may be mcorporated into a hybrid vehicle so as to have a 
fiinction of a generator driven by an engine, and to operate as an electric motor for the 
5 engine to provide engine starting, for example. 

Battery B is connected between a power supply line 111 and a negative bus 1 12 
of inverters 14 and 3 1. Capacitor CI is connected between power supply line 1 1 1 and 
negative bus 1 12, in parallel with battery B. Capacitor C2 is connectecd between a 
positive bus 1 13 of inverters 14 and 3 1 and negative bus 1 12. 

10 Up-converter 12 includes a reactor LI, NPN (negative-positive-aegative) 

transistors Ql and Q2, and diodes Dl and D2, One end of reactor LI is connected to 
power supply line 1 1 1 of battery B, and the other end is connected to aji intermediate 
point between NPN transistor Ql and NPN transistor Q2, that is, betwee^n the emitter of 
NPN transistor Ql and the collector of NPN transistor Q2. NPN transistors Ql and 

15 Q2 are connected in series between positive bus 1 13 and negative bus 11 2. The 

collector of NPN transistor Ql is connected to positive bus 1 13, and the emitter of NPN 
transistor Q2 is connected to negative bus 1 12. Between the collector and the emitter 
of each of NPN transistors Ql and Q2, diodes Dl and D2 each passing a. current from 
the emitter side to the collector side are connected, respectively. 

20 Inverters 14 and 3 1 are connected in parallel between a node Nl and a node N2. 

Inverter 14 includes a U-phase arm 15, a V-phase arm 16, and a W-phase arm 17. 
U-phase arm 15, V-phase arm 16, and W-phase arm 17 are connected in parallel 
between positive bus 113 and negative bus 112. 

U-phase arm 15 includes NPN transistors Q3 and Q4 connected Ln series, V- 

25 phase arm 16 includes NPN transistors Q5 and Q6 connected in series, axid W-phase 
arm 1 7 includes NPN transistors Q7 and Q8 connected in series. Between the 
collector and the emitter of each of NPN transistors Q3 to Q8, diodes D3 to DS each 
passmg a current from the enwtter side to the collector side are connectecd, respectively. 
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An intermediate point of each phase arm is connected to each phase end of each 
phase coil of motor generator MGl. More specifically, motor generator MGl is a 
three-phase permanent magnet motor, and configured such that one end of each of three 
coils in the U phase, the V phase, and the W phase is connected to a middle point in 
5 common, and the other end of the U-phase coil is connected to an intermediate point 
between NPN transistors Q3 and Q4, the other end of the V-phase coil is connected to 
an intermediate point between NPN transistors Q5 and Q6, and the other end of the W- 
phase coil is connected to an intermediate point between NPN transistors Q7 and Q8. 
Inverter 3 1 has the same configuration as that of inverter 14. An intermediate 

10 point of each phase arm of inverter 3 1 is connected to each phase end of each phase coil 
of motor generator MG2. More specifically, motor generator MG2 is also a three- 
phase permanent magnet motor as is motor generator MGl, and configured such that 
one end of each of three coils in the U phase, the V phase, and the W phase is connected 
to a middle point in common, and the other end of the U-phase coil is connected to an 

15 . intermediate point between NPN transistors Q3 and Q4 of inverter 3 1, the other end of 
the V-phase coil is connected to an intermediate point between NPN transistors Q5 and 
Q6 of inverter 3 1, and the other end of the W-phase coil is connected to an intermediate 
point between NPN transistors Q7 and QS of inverter 31. 

Battery B is a DC battery including a secondary battery using such as nickel 

20 hydride, lithium ion, or the like. Voltage sensor 10 detects a DC voltage Vb output 
fi-om battery B, and outputs the detected DC voltage Vb to control device 30. 
Capacitor CI smoothes the DC voltage output fi-om battery B, and supplies the 
smoothed DC voltage to up-converter 12. 

Up-converter 12 up-converts the DC voltage supplied fi-om capacitor CI for 

25 input to capacitor C2. More specifically, upon receiving a signal PWMC fi-om control 
device 30, up-converter 12 up-converts the DC voltage according to a period for which 
NPN transistor Q2 is turned ON by signal PWMC, for supply to capacitor C2. In this 
case, NPN transistor Ql is turned OFF by signal PWMC. 
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Further, up-converter 12 down-converts a DC voltage supplied from inverter 14 
(or 3 1) via capacitor C2, according to signal PWMC from control device 30, to charge 
battery B. 

Capacitor C2 smoothes the DC voltage up-converted by up-converter 12, and 
5 supplies the smoothed DC voltage to inverters 14 and 3 1 via nodes Nl and N2. In this 
manner, capacitor C2 receives the DC voltage up-converted by up-converter 12, and 
smoothes the received DC voltage for supply to inverters 14 and 31. 

Voltage sensor 13 detects a voltage Vm across c^acitor C2 (i.e., a voltage 
equivalent to the voltage input to inverters 14 and 3 1 : the same is true in the ftDllowing), 

10 and outputs the detected voltage Vm to control device 30. 

When the DC voltage is supplied from up-converter 12 to inverter 14 via nodes 
Nl and N2 and capacitor C2, inverter 14 converts the DC voltage into an AC voltage in 
accordance with a signal PWMIl from control device 30, to drive motor generator MGl 
Thus, motor generator MGl is driven to generate a torque designated by a torque 

15 control value TRl . Further, when regenerative braking is perfr)rmed in a hybrid vehicle 
or an electric vehicle equipped with motor driver 100, inverter 14 converts an AC 
voltage generated by motor generator MGl into a DC voltage in accordance with signal 
PWMIl from control device 30, and supplies the converted DC voltage to up-converter 
12 via capacitor C2 and nodes Nl and N2. 

20 When the DC voltage is supplied from up-converter 12 to inverter 3 1 via nodes 

Nl and N2 and capacitor C2, inverter 31 converts the DC voltage into an AC voltage in 
accordance with a signal PWMI2 from control device 30, to drive motor generator MG2, 
Thus, motor generator MG2 is driven to generate a torque designated by a torque 
control value TR2. Further, when regenerative braking is performed in a hybrid vehicle 

25 or an electric vehicle equipped with motor driver 100, inverter 3 1 converts an AC 

voltage generated by motor generator MG2 into a DC voltage in accordance with signal 
PWMI2 from control device 30, and supplies the converted DC voltage to up-converter 
12 via capacitor C2 and nodes Nl and N2. 
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It is to be noted that "regenerative braking" described herein includes braking 
involving regenerative power generation when a driver driving a hybrid vehicle or an 
electric vehicle uses a foot brake, as well as slowing down (or stopping acceleration of) 
the vehicle while performing regenerative power generation when the driver does not 
5 use a foot brake but releases an accelerator pedal while driving the vehicle. 

Current sensor 24 detects a motor current MCRTl flowing into motor generator 
MGl, and outputs the detected motor current MCRTl to control device 30. Current 
sensor 28 detects a motor current MCRT2 flowing into motor generator MG2, and 
outputs the detected motor current MCRT2 to control device 30. 
10 Control device 30 receives: torque control values TRl, TR2 and motor rotation 

numbers MRNl, MRN2 from an external ECU (Electrical Control Unit); DC voltage 
Vb from vokage sensor 10; output voltage Vm from voltage sensor 13; motor current 
MCRTl from current sensor 24; and motor current MCRT2 from current sensor 28. 
Control sensor 30 generates signal PWMIl for providing switching-control to MPN 
15 transistors Q3 to Q8 of inverter 14 when inverter 14 drives motor generator MGl in a 
manner which will be described later, in accordance with output voltage Vm, motor 
current MCRTl, and torque control value TRl, and outputs the generated signal 
PWMIl to inverter 14. 

Further, control sensor 30 generates signal PWMI2 for providing switching 
20 control to NPN transistors Q3 to Q8 of inverter 3 1 when inverter 3 1 drives motor 
generator MG2 in a manner which will be described later, in accordance with output 
voltage Vm, motor current MCRT2, and torque control value TR2, and outputs the 
generated signal PWMI2 to inverter 3 1 . 

Furthermore, when inverter 14 (or 3 1) drives motor generator MGl (or MG2), 
25 control sensor 30 generates signal PWMC for providing switching control to NPN 

transistors Ql and Q2 of up-converter 12 in a manner which will be described later, in 
accordance with DC voltage Vb, output voltage Vm, torque control value TRl (or 
TR2), and motor rotation number lv4RNl (or MKISI2), and outputs the generated signal 
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PWMC to up-converter 12, Signal PWMC is a signal for providing switching control 
to NPN transistors Ql and Q2 such that an overvoltage is not applied to battery B. 

Fig, 2 is a functional block diagram of control device 30 shown in Fig. 1. 
Referring to Fig. 2, control device 30 includes inverter control means 301 and 302, and 
5 converter control means 303. 

Inverter control means 301 receives torque control value TRl from the external 
ECU, motor current MCRTl from current sensor 24, and voltage Vm from voltage 
sensor 13. Then, inverter control means 301 generates signal PWMIl in a manner 
which will be described later, in accordance with torque control value TRl, motor 

10 current MCRTl, and voltage Vm, for output to inverter 14. 

Inverter control means 302 receives torque control value TR2 from the external 
ECU, motor current MCRT2 from current sensor 28, and voltage Vm from voltage 
sensor 13, Then, inverter control means 302 generates signal PWMI2 in a manner 
which will be described later, in accordance with torque control value TR2, motor 

15 current MCRT2, and voltage Vm, for output to inverter 31. 

Converter control means 303 receives torque control values TRl, TR2 and 
motor rotation numbers MRNl, MRN2 from the external ECU, DC voltage Vb from 
voltage sensor 10, and voltage Vm from voltage sensor 13 . Converter control means 
303 holds a threshold voltage OVb, which is a reference value to determine that an 

20 overvoltage has been applied to battery B . In accordance with the held threshold 

voltage OVb and voltage Vm received from voltage sensor 13, converter control means 
303 calculates an upper limit value of a duty ratio DR_Ulim in the switching control for 
NPN transistors Ql and Q2 when an overvoltage (i.e., threshold voltage OVb) is 
applied to battery B, in a manner which will be described later. Then, converter 

25 control means 303 generates signal PWMC in a range lower than the calculated upper 
limit value of the duty ratio DR__Ulim in a manner which will be described later, in 
accordance with torque control value TRl (or TR2), motor rotation number MRNl (or 
MRN2), DC voltage Vb, and voltage Vm, for output to up-converter 12, 
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It is to be noted that threshold voltage OVb is set for example at the minimum 
value of the voltage applied to battery B which is determined as an overvohage. 

Fig. 3 is a functional block diagram of inverter control means 301 and 302 
shown in Fig. 2. Referring to Fig. 3, each of inverter control means 301 and 302 
5 includes a motor control phase voltage calculation unit 40 and an inverter PWM signal 
converting unit 42. 

Motor control phase voltage calculation unit 40 receives: torque control values 
TRl and TR2 from the external ECU; output voltage Vm of up-converter 12, that is, 
the vohage input to inverters 14 and 3 1, from voltage sensor 13; motor current MCRTl 
10 flowing into each phase of motor generator MGl from current sensor 24; and motor 
current MCRT2 flowing into each phase of motor generator MG2 from current sensor 
28. Then, motor control phase voltage calculation unit 40 calculates a voltage to be 
applied to each phase coil of motor generator MGl (or motor generator MG2) in 
accordance with output voltage Vm, torque control value TRl (or TR2), and motor 
15 current MCRTl (or MCRT2), and outputs the resultant calculation to mverter PWM 
signal converting unit 42. 

Inverter PWM signal converting unit 42 generates signal PWMIl (or signal 
PWMI2) actually turning ON/OFF each of NPN transistors Q3 to Q8 of inverter 14 (or 
inverter 3 1) in accordance with the resultant calculation received from motor control 
20 phase vohage calculation unit 40, and outputs the generated signal PWMIl (or signal 
PWMI2) to each of NPN transistors Q3 to Q8 of inverter 14 (or inverter 31). 

Thus, each of NPN transistors Q3 to Q8 is subjected to switching control to 
control the current flowing into each phase of motor generator MGl (or motor 
generator MG2) such that motor generator MGl (or motor generator MG2) outputs a 
25 controlled torque. In this manner, a motor driving current is controlled, and a motor 
torque according to torque control value TRl (or TR2) is output. 

Whether inverter 14 is driven by signal PWMIl in a power running mode or in a 
regenerative mode is determined by motor rotation number MRNl and torque control 
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value TRl. More specifically, in rectangular coordinates having a lateral axis 
representing a motor rotation number and a vertical axis representing a torque control 
value, when the relation between motor rotation number MRNl and torque control 
value TRl is present in the first or the second quadrant, motor generator MGl is in the 
power ainning mode, and when the relation between motor rotation number MRNl and 
torque control value TRl is present in the third or the fourth quadrant, motor generator 
MGl is in the regenerative mode. Accordingly, when motor control phase voltage 
calculation unit 40 receives fi-om the external ECU motor rotation number MRNl and 
torque control value TRl present in the first or the second quadrant, inverter PWM 
signal converting unit 42 generates signal PWMIl for driving inverter 14 in the power 
running mode, and when motor control phase voltage calculation unit 40 receives fi-om 
the external ECU motor rotation number MRNl and torque control value TRl present 
in the third or the fourth quadrant, mverter PWM signal converting unit 42 generates 
signal PWMIl for driving inverter 14 in the regenerative mode. 

The same is true with regard to whether inverter 3 1 is driven by signal PWMI2 
in the power miming mode or in the regenerative mode. 

Fig. 4 is a functional block diagram of converter control means 303 shown in Fig. 
2. Referring to Fig. 4, converter control means 303 includes an inverter input voltage 
command calculation unit 50, a feedback voltage command calculation unit 52, and a 
duty ratio converting unit 54. 

Inverter input voltage conmiand calculation unit 50 receives torque control 
values TRl, TR2 and motor rotation numbers MEINI, MRN2 fi*om the external ECU. 
Then, inverter input voltage command calculation unit 50 calculates an optimal value 
(target value) of the voltage input to the inverter, that is, a voltage command Vdc^com, 
in accordance with torque control value TRl (or TR2) and motor rotation number 
MRNl (or MRN2), and outputs the calculated voltage command Vdc_com to feedback 
voltage command calculation unit 52. 

Feedback voltage command calculation unit 52 receives output voltage Vm of 
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up-converter 12 from voltage sensor 13, and voltage command Vdc_com 
(corresponding to a target voltage of output voltage Vm: the same is true in the 
following) from inverter input voltage command calculation unit 50. Then, feedback 
voltage conmiand calculation unit 52 calculates a feedback voltage command 
Vdc_com_fb for setting output voltage Vm to voltage command Vdc^com, in 
accordance with output voltage Vm and voltage command Vdc^com, and outputs the 
calculated feedback voltage conmiand Vdc_com_fb to duty ratio converting unit 54. 

Duty ratio converting unit 54 holds threshold voltage OVb, and receives DC 
voltage Vb from voltage sensor 10 and output voltage Vm from voltage sensor 13. 
Duty ratio converting unit 54 calculates the upper limit value of the duty ratio DR_Ulim 
in accordance with threshold O Vb and output voltage Vm, using the following equation: 

DR_Ulim=OVbA^m. ... (1) 

It is to be noted that, in the present invention, the "duty ratio" refers to a ratio 
between an ON period Tlon of NPN transistor Ql, which is an upper arm of up- 
converter 12, and an ON period T2on of NPN transistor Q2, which is a lower arm of 
up-converter 12 (=Tlon/(Tlon+t2on)). 

From equation (1), the upper limit value of the duty ratio DR_Ulim is 
determmed according to output voltage Vm actually output from up-converter 12. 

Upon calculating the upper limit value of the duty ratio DR_Ulim, duty ratio 
converting unit 54 calculates a duty ratio DRfor setting output voltage Vm to feedback 
voltage command Vdc_com_fb in a range lower than the calculated upper limit value of 
the duty ratio DR_Ulim, in accordance with DC voltage Vb, output voltage Vm, and 
feedback voltage command Vdc_com__fb. 

Fig, 5 is a diagram showing relation between duty ratio DR and output voltage 
Vm of up-converter 12. Referring to Fig. 5, a curve kl represents the upper limit value 
of the duty ratio DR_Ulim calculated by the above equation (1). The area not lower 
than curve kl represents a duty ratio when an overvoltage is applied to battery B, and 
the area lower than curve kl represents a duty ratio when an overvoltage is not applied 
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to battery B. 

In the area lower than curve kl, duty ratio converting unit 54 calculates duty 
ratio DR for setting output voltage Vm to feedback voltage command Vdc__com_fb, in 
accordance with DC voltage Vb, output voltage Vm, and feedback voltage command 
Vdc_com_fb. 

This means that, when a duty ratio DRJNliml, calculated to set output voltage 
Vm to feedback vohage command Vdc_com__fb in accordance with DC voltage Vb, an 
output voltage Vml, and feedback voltage command Vdc_com_fb without limitation of 
the upper limit value of the duty ratio DR_Ulim, is not lower than the upper limit value 
of the duty ratio DR^Ulim, duty ratio converting unit 54 determines a duty ratio DRl 
lower than the upper limit value of the duty ratio DRJUlim as duty ratio DR for 
providing switching control to NPN transistors Ql and Q2, and when a duty ratio 
DRJMlim2 calculated without limitation is lower than the upper limit value of the duty 
ratio DR_Ulim, duty ratio converting unit 54 determines the calculated duty ratio 
DR_Nlim2 as duty ratio DR for providing switching control to NPN transistors Ql and 
Q2. 

More specijBcally, when the relation between the calculated duty ratio DR_Nliml 
and output voltage Vml is present at a point A upper than curve kl, duty ratio DRl 
lower than the upper limit value of the duty ratio DR_Ulim is determined as duty ratio 
DR for providing sv^tching control to NPN transistors Ql and Q2 such that the relation 
between duty ratio DR and output voltage Vm is present at a point B lower than curve 
kl, and when the relation between the calculated duty ratio DR_Nlini2 and output 
voltage Vml is present at a point C lower than curve kl, the calculated duty ratio 
DR_NIim2 is determined as duty ratio DR for pro\dding switching control to NPN 
transistors Ql and Q2. 

Duty ratio converting unit 54 determines duty ratio DR for providing switching 
control to NPN transistors Ql and Q2 in the area lower than curve kl, no matter how 
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DC voltage Vb, output voltage Vm, and feedback voltage command Vdc_com_fb vary. 

When duty ratio DRl lower than the upper limit value of the duty ratio 
DR_Ulim is determined as duty ratio DR for providing switching control to NPN 
transistors Ql and Q2 resulting from the fact that duty ratio DR_Nliml calculated 
without limitation is not lower than the upper limit value of the duty ratio DR^Ulim, 
duty ratio DRl is determined in various manners. 

More specifically, duty ratio DRl may be determined at a value as close as 
possible to the upper limit value of the duty ratio DR_UUm in the range lower than the 
upper limit value of the duty ratio DR Ulim, and may be determined in the range lower 
than the upper limit value of the duty ratio DR Ulim according to a difference ADR 
between duty ratio DR_Nliml and the upper limit value of the duty ratio DR^Ulim. In 
the latter case, when difference ADR is relatively large, duty ratio DRl may be 
determined in the range lower than the upper limit value of the duty ratio DR_Ulim such 
that the difference from the upper limit value of the duty ratio DR_Ulim is relatively 
small, and when difference ADR is relatively small, dutj' ratio DRl may be determined in 
the range lower than the upper limit value of the duty ratio DR_Ulim such that the 
difference from the upper limit value of the duty ratio DR_Ulim is relatively large. 

After calculating duty ratio DR for providing switching control to NPN 
transistors Ql and Q2, duty ratio converting unit 54 generates signal PWMC for turning 
ON/OFF NPN transistors Ql and Q2 of up-converter 12 in accordance with the 
calculated duty ratio DR. Then, duty ratio converting unit 54 outputs the generated 
signal PWMC to NPN transistors Ql- and Q2 of up-converter 12. 

Thus, NPN transistors Ql and Q2 of up-converter 12 are subjected to switching 
control such that an overvoltage is not applied to battery B, and up-converter 12 
converts DC voltage Vb into output voltage Vm such that output voltage Vm attains a 
target voltage (voltage command Vdc_com). Therefore, application of an overvoltage 
to battery B can be prevented. 
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It is to be noted that, since power accumulation in reactor LI is increased by 
raising an on-duty ratio of NPN transistor Q2, the lower transistor in up-converter 12, a 
higher-voltage output can be achieved. On the contrary, the voltage of the positive bus 
is decreased by raising an on-duty ratio of upper NPN transistor QL Thus, the voltage 
of the positive bus can be controlled to be any voltage not lower than the output voltage 
of battery B, by controlling the duty ratio between NPN transistors Ql and Q2. 

In motor driver 100, vohage Vm across capacitor C2 may greatly vary 
depending on operatmg conditions of motor generators MGl and MG2. More 
specifically, voltage Vm significantly falls when power consumption in motor generator 
MG2 increases rapidly, and voltage Vm significantly rises when power generation in 
motor generator MGl increases rapidly. 

Since output voltage Vm significantly deviates fi-om the target voltage (voltage 
command Vdc_com) in such a situation, converter control means 303 significantly 
changes duty ratio DR such that output voltage Vm attains the target voltage to provide 
sv^tching control to NPN transistors Ql and Q2. 

In this case, unless duty ratio DR for providing switching control to NPN 
transistors Ql and Q2 is limited, an overvoltage is applied to battery B. More 
specifically, when output voltage Vm rises much greater than the target voltage, 
converter control means 303 raises duty ratio DR to decrease output vohage Vm down 
to the target voltage, to provide switching control to NPN transistors Ql and Q2. 
Then, period Tlon for which NPN transistor Ql is turned ON is extended, and a higher 
ratio of the current flows from the side of inverters 14 and 31 to the side of battery B via 
up-converter 12. As a resuk, an overvoltage is applied to battery B. 

Further, when output voltage Vm falls much less than the target voltage, 
converter control means 303 reduces duty ratio DR (that is, extends ON period T2on of 
NPN transistor Q2 as the lower arm) to increase output voltage Vm up to the target 
vohage, to provide switching control to NPN transistors Ql and Q2. Then, large 
electric energy is accumulated in reactor LI, output voltage Vm rises higher than the 
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target voltage, and converter control means 303 raises duty ratio DR to provide 
switching control to NPN transistors Ql and Q2. As a result, an overvoltage is applied 
to battery B as described above. 

In this manner, an overvoltage is applied to battery B when output voltage Vm 
5 varies (decreases/increases) from the target voltage. 

In the present invention, however, since converter control means 303 determines 
duty ratio DR in the range lower than the upper limit value of the duty ratio DR_Ulim 
and uses the determined duty ratio DR to provide switching control to NPN transistors 
Ql and Q2 as described above, no overvoltage is applied to battery B even when output 
10 voltage Vm varies from the target voltage. 

It is to be noted that the operation in converter control means 303 is actually 
performed by a CPU (Central Processing Unit). The CPU reads a program stored in a 
ROM (Read Only Memory), performs the read program to determine duty ratio DR in 
the range lower than the upper limit value of the duty ratio DR_Ulim, and uses the 
15 determined duty ratio DR to provide switchmg control to NPN transistors Ql and Q2. 

Fig. 6 is a timing chart of voltage values. In Fig. 6, the vertical axis represents 
a standardized voltage value, and the lateral axis represents time. A curve k2 
represents output voltage Vm, a curve k3 represents DC vokage Vb in the case where 
the present invention is applied, and a curve k4 represents DC voltage Vb in the case 
20 where the present invention is not applied. 

Referring to Fig. 6, when output voltage Vm moves up and down after a lapse of 
1 .0 second, DC voltage Vb of battery B in the case where the present invention is 
applied moves up and down along with the fluctuation of output vohage Vm but does 
not reach threshold voltage OVb (see curve k3), and thus no overvoltage is applied to 
25 batteiy B. 

On the contrary, in the case where the present invention is not applied, DC 
vohage Vb of battery B significantly rises along with the fluctuation of output voltage 
Vm, reaching threshold voltage OVb. As a result, an overvoltage is applied to battery 
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B. 

Therefore, application of an overvoltage to battery B can be prevented by 
applying the present invention. 

It is to be noted that the level of threshold voltage OVb is determined in 
consideration of the protection of battery B and the protection of auxiliary equipment 
connected between battery B and up-converter 12 and driven by directly receiving DC 
voltage Vb from battery B. 

Referring to Fig, 1 again, an overall operation in motor driver 100 will be 
described. When the overall operation is started, voltage sensor 10 detects DC voltage 
Vb from battery B and outputs the detected DC voltage Vb to control device 30. 
Voltage sensor 13 detects voltage Vm across capacitor C2 and outputs the detected 
voltage Vm to control device 30. Further, current sensor 24 detects motor current 
MCRTl flowing into motor generator MG.l for output to control device 30, and current 
sensor 28 detects motor current MCRT2 flowing into motor generator MG2 for output 
to control device 30. Control device 30 receives torque control values TRl, TR2 and 
motor rotation numbers MKN 1, MR2 from the external ECU. 

Then, control device 30 generates signal PWMIl in the manner described above 
m accordance with voltage Vm, motor current MCRTl, and torque control value TRl, 
and outputs the generated signal PWMIl to inverter 14. Further, control device 30 
generates signal PWMI2 in the manner described above in accordance with voltage Vm, 
motor current MCRT2, and torque control value TR2, and outputs the generated signal 
PWMI2 to inverter 31. Furthermore, when inverter 14 (or 3 1) drives motor generator 
MGl (or MG2), control device 30 calculates the upper limit value of the duty ratio 
DR_Ulim according to output voltage Vm in the manner described above, in accordance 
with DC voltage Vb, voltage Vm, torque control value TRl (or TR2), and motor 
rotation number MRNl (or MRN2), and determines duty ratio DR for providing 
switching control to NPN transistors Ql and Q2 in the range lower than the calculated 
upper limit value of the duty ratio DR_Ulim, to generate signal PWMC for providing 
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switching control to NPN transistors Ql and Q2 of up-converter 12. Then, control 
device 30 outputs the generated signal PWMC to up-converter 12. 

In response to signal PWTMC, up-converter 12 up-converts DC voltage Vb from 
battery B such that no overvoltage is applied to battery and supplies the up-converted 
5 DC voltage to capacitor C2. Capacitor C2 smoothes the DC voltage from up- 
converter 12, and supplies the smoothed DC voltage to inverters 14 and 3 1 via nodes 
Nl and N2. Then, inverter 14 converts the DC voltage smoothed by capacitor C2 into 
an AC voltage by signal PWMEl from control device 30, to drive motor generator MGl. 
Inverter 3 1 converts the DC voltage smoothed by capacitor C2 into an AC voltage by 

10 signal PWMI2 from control device 30, to drive motor generator MG2. Thus, motor 
generator MGl generates a torque designated by torque control value TRl, and motor 
generator MG2 generates a torque designated by torque control value TR2. 

In motor driver 100, when output voltage Vm of up-converter 12 is lower than 
the target voltage (Vdc_com), power is taken from battery B to the side of inverters 14 

15 and 31. In that case, duty ratio DR may be determined in such a manner that the 

current flowing between battery B and up-converter 12 is v^thin a range of an optimal 
current in which the output from battery B becomes maximum, and is lower than the 
upper limit value of the duty ratio DR^Ulim described above, and the determined duty 
ratio DR may be used to provide switching control to NPN transistors Ql and Q2. 

20 In this manner, maximum output can be obtained from battery B even when the 

power required by motor generators MGl and MG2 cannot be fiilly covered by the 
output of battery B, enabling DC voltage Vb to be converted into output voltage Vm 
such that no overvoltage is applied to battery B, while minimizing a voltage drop in 
capacitor C2. 

25 Further, in the above description, duty ratio DR for providing switching control 

to NPN transistors Ql and Q2 is determined in the range lower than the upper limit 
value of the duty ratio DR__Ulim, with or v^thout the fluctuation of output voltage Vm 
from the target voltage (Vdc_com). The present invention is not limited to this, and 
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duty ratio DR for providing switching control to NPN transistors Ql and Q2 may also 
be determined in the range lower than the upper limit value of the duty ratio DR_Ulim 
described above when output vohage Vm fluctuates from the target voltage by a 
predetermined value or more. 
5 Since an overvoltage is more likely to be applied to battery B when output 

voltage Vm significantly fluctuates from the target voltage and duty ratio DR must be 
significantly changed to set the fluctuated output voltage Vm at the target voltage to 
provide switching control to NPN transistors Ql and Q2, it is effective to determine 
duty ratio DR in the range lower than the upper limit value of the duty ratio DR_Ulim 
10 when output voltage Vm fluctuates from the target voltage by a predetermined value or 
more. 

It is to be noted thai up-converter 12 and converter control means 303 constitute 
a "voltage conversion device". 

Further, converter control means 303 constitutes a "control device" providing 
15 s^vitching control to first and second switching elements (NPN transistors Ql and Q2) 
using a duty ratio in a range lower than the upper limit value of the duty ratio DR^Ulim 
when an overvoltage is applied to a power supply (battery B). 

Duty ratio converting unit 54 constitutes "duty ratio calculating means" 
calculating the upper limit value of the duty ratio DR_Ulim in accordance with threshold 
20 voltage OVb and output voltage Vm when an overvoltage is determined to have been 
applied to the power supply (battery B). 

Inverter input voltage command calculation unit 50, feedback voltage command 
calculation unit 52, and duty ratio converting unit 54 constitute "switching control 
means" providing switching control to the first and the second switching elements (NPN 
25 transistors Ql and Q2) using the duty ratio in the range lower than the calculated upper 
limit value of the duty ratio DR_Ulim. 

Although the present invention has been described and illustrated in detail, it is 
clearly understood that the same is by way of illustration and example only and is not to 
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be taken by way of limitation, the spirit and scope of the present invention being limited 
only by the terms of the appended claims. 
Industrial Applicability 

The present invention is applied to a voltage conversion device converting a 
voltage such that no overvoltage is applied to a power supply/ 
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